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Preoperative sinus rhythm has been a criterion for the 
Fontan operation. However, of 297 patients who under-
went the Fontan operation between October 1973 and 
February 1984, 12 (4%) did not have sim~s rhythm. The 
age at operation ranged from 4 to 34 years (median 15). 
Nine patients had a univentricular heart, two had tri-
cuspid atresia and one had a complex form of trans-
position. In all 12 patients, 3 to 8 of the 10 proposed 
criteria for operability were not met. An atrioventricular 
(A V) conduction abnormality was present in seven pa-
tients, six with complete A V block and one with A V 
dissociation. The patient with complex transposition had 
complete A V block and atrial fibrillation. Postopera-
tively, all seven patients continued to have an A V con-
duction abnormality, and those with complete A V block 
had a permanent pacemaker implanted. Six of the 12 
Since Fontan and Baudet's initial report (1) in 1971, the 
concept of total right ventricular bypass has been used widely 
as the functionally corrective procedure for tricuspid atresia, 
univentricular heart and other complex congenital heart de-
fects (2-9). In 1977, Choussat et al. (10) provided 10 se-
lection criteria for operation (Table I). Absence of one or 
more of these criteria was thought to be a relative or absolute 
contraindication to operation. One criterion was the pre-
operative presence of sinus rhythm. However, we have ap-
plied the Fontan procedure to selected patients who did not 
meet one or more of these 10 criteria and were experiencing 
progressive clinical deterioration. This report assesses the 
operative mortality and clinical course in patients with pre-
operative atrioventricular (A V) block, A V dissociation or 
significant atrial arrhythmia. 
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study patients had atrial flutter or fibrillation refractory 
to antiarrhythmic medications. Postoperatively, four of 
tbe six patients had sinus rhythm. Two of the six patients 
had complete A V block (including the patient with com-
plex transposition) and both had a permanent pace-
maker implanted. Three of the 12 patients died (mor-
tality rate 25%). The nine survivors were followed up 
for 6 to 55 months; no late deaths occurred. All had 
marked clinical improvement. 
This study demonstrates that 1) complete AV block 
is not a contraindication to the Fontan operation, 2) some 
patients may not require A V synchrony postoperatively 
for survival, and 3) postoperative atrial flutter or fi-
brillation may cease or be easier to control after the 
Fontan operation. 
(J Am Coil CardioI1985;6:228-33) 
Methods 
Between October 1973 and February 1984, 297 patients 
underwent a modified Fontan procedure at the Mayo Clinic. 
Twelve of these patients (4%) did not have sinus rhythm 
preoperatively and are the subject of this report. 
Clinic and hospital records were reviewed. The cardiac 
malformation, preoperative cardiac rhythm, cardiac medi-
cations, symptoms, previous palliative procedures and age 
at Fontan operation were noted. Furthermore, the postop-
erative course, change in rhythm after operation, need for 
permanent pacemaker implantation and perioperative com-
plications were recorded. After hospital dismissal, the pa-
tients were evaluated by outpatient follOW-Up at the Mayo 
Clinic or correspondence with the referring physician and 
patient. 
Results 
Patients. Of the 12 patients, 10 were male and 2 were 
female. Their ages at operation ranged from 4 to 34 years 
(median 15). Nine patients (Cases 1 to 8 and 12) had various 
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Table 1. Selection Criteria for the Fontan Operation (Choussat 
et al. 1977) 
I. Age 4 to 15 years 
2. Sinus rhythm 
3. Normal drainage of venae cavae 
4. Normal volume of right atrium 
5. Mean pulmonary artery pressure oS 15 mm Hg 
6. Pulmonary resistance < 4 units/m' 
7. Ratio of pulmonary artery diameter to aortic diameter 2: 0.75 
R. Normal ventricular function 
9. No mitral insuffil:iency 
10. No impairing effect of a previous shunt 
forms of univentricular heart, two patients (Cases 9 and 10) 
had tricuspid atresia and one patient (Case 11) had dextro-
cardia, complete transposition of the great arteries, atrial 
septal defect, mUltiple ventricular septal defects, bilateral 
superior venae cavae and pulmonary stenosis. This patient 
had undergone a Rastelli repair 7 years earlier that resulted 
in complete A V block. Because of conduit obstruction, se-
vere triscuspid valve stenosis and insufficiency and hypo-
plastic right ventricle, the conduit was excised and a Fontan 
procedure was performed. 
Associated structural abnormalities were present in 11 of 
the 12 patients (Table 2). A total of 16 operative procedures 
had been performed in 10 patients before the Fontan op-
eration (Table 3). 
Criteria for Fontan procedure. In addition to the re-
quirements for sinus rhythm, two or more of the remaining 
selection criteria of Choussat et al. (10) were also not met 
by the 12 study patients. Four patients met seven criteria. 
One 34 year old patient (Case 9) satisfied only two criteria; 
this patient had atrial flutter, elevated pulmonary artery pres-
sure (mean 34 mm Hg), a stenotic pulmonary artery, ele-
vated ventricular end-diastolic pressure (18 mm Hg), re-
duced ventricular ejection fraction (52%), severe A V valve 
insufficiency and a Potts anastomosis. 
Preoperative cardiac rhythm (Table 4). An A V con-
duction abnormality was present in seven patients, six with 
complete A V block and one with A V dissociation. Six of 
Table 2. Associated Structural Abnormalities in II of 12 
Patients 
Left A V valve insufficiency 
Right A V valve insufficiency 
Pulmonary artery stenosis 
Left superior vena cava 
Parachute deformity, left A V valve 
Hypoplastic left A V valve 
Left A V valve stenosis 
Conduit stenosis 
Right A V valve stenosis 
Bulboventricular foramen obstruction 
A V = atrioventricular. 
4 
4 
3 
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Table 3. Operative Procedures Before Fontan Operation in 10 
of 12 Patients 
Blalock-Taussig shunt 
Waterston shunt 
Potts shunt 
Glenn shunt 
Blalock·Hanlon septectomy 
Pulmonary artery banding 
Raste II i procedure 
Pacemaker insertion 
3 
3 
I 
I 
2 
3 
I 
2 
the seven patients had a univentricular heart with sponta-
neous preoperative onset of A V dissociation or block. Pa-
tient II (with complex transposition) had surgically induced 
complete A V block. Two patients (including Patient II) had 
a permanent ventricular demand pacemaker implanted be-
fore the Fontan operation. Four of the seven patients were 
in New York Heart Association functional class I or II, three 
were in class III and one was in class IV. Two patients were 
taking digitalis. 
Six patients had serious atrial arrhythmia: atrial flutter 
in one, atrial fibrillation in three and both atrial flutter and 
fibrillation in two. The patient with complex transposition 
and complete A V block also had atrial fibrillation. All six 
patients with atrial arrhythmia had A V valve insufficiency. 
Two had a previous Blalock-Hanlon septectomy. Only one 
patient was in functional class II and the rest were in class 
III. All were taking antiarrhythmic medication (digoxin only 
in five and digoxin and quinidine in one). 
Hemodynamics (Table 4). Four of the seven patients 
with an A V conduction abnormality had a mean right atrial 
pressure greater than 10 mm Hg. All six patients with atrial 
arrhythmia had a mean right atrial pressure of 10 mm Hg 
or greater, and two of the six had a pressure of 22 mm Hg. 
The ventricular end-diastolic pressure was 13 mm Hg or 
greater in to of the 12 patients. Six of the 12 patients had 
a ventricular end-diastolic pressure of 20 mm Hg or greater, 
including all three nonsurvivors. The mean pulmonary ar-
terial pressure was greater than 15 mm Hg in 9 of the 12 
patients, including al\ who had atrial flutter or fibrillation. 
Operative procedure. In 10 patients, a nonvalved an-
astomosis was made from the right atrium to the pulmonary 
artery. In two patients, a nonvalved connection was created 
between the right atrium and the right ventricle. One patient 
had a prior Glenn anastomosis, which was left intact, and 
the other had a concomitant anastomosis made from the 
superior vena cava to the right pulmonary artery (11) be-
cause of severe stenosis of the proximal right pulmonary 
artery. 
Seven of the 12 patients were discharged from the hos-
pital with a permanent pacemaker implanted (ventricular 
demand rVVI] in five and dual chamber rOOD] in two). In 
the two patients who had a ventricular demand pacemaker 
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Table 4. Diagnosis, Rhythm and Preoperative Hemodynamic Data in 12 Patients 
Mean Mean 
Right Pulmonary Ventricular 
No. of Fontan Atrial Arterial End-Diastolic Ejection 
Age (yr) Criteria Not Pressure Pressure Pressure Fraction 
Case & Sex Diagnosis Rhythm Satisfied (mm Hg) (mm Hg) (mm Hg) (%) 
I 16M Univentricular heart CAVB 3 8 12 7 
2 6M Univentricular heart CAVB 5 17 30 24 
3 17M Univentricular heart CAVB 4 9 12 21 
4 9M Univentricular heart CAVB 5 14 19 20 64 
5 13M Univentricular heart CAVB; paced 3 II 16 14 58 
6 13M Univentricular heart A V dissociation 4 6 12 23 
7 19M Univentricular heart Atrial fibrillation 4 10 25 16 
8 4M Univentricular heart Atrial flutter 3 18 17 22 60 
9 34M Tricuspid atresia Atrial flutter 8 22 34 18 52 
and fibrillation 
10 16M Tricuspid atresia Atrial fibrillation 7 13 35 12 50 
II 12M Complex TGA, SIP Atrial fibrillation; 3 22 20 13 22(RV) 
Rastelli, conduit CAVB; paced 
stenosis, RAVV 
stenosis and insufficiency 
12 23M U niventricular heart Atrial flutter 4 18 29 23 
and fibrillation 
AV = atrioventricular; CAVB = complete atrioventricular block; M = male; RAVV = right atrioventricular valve; RV = right ventricular; SIP 
= status post; TGA = transposition of the great arteries. 
before the Fontan operation, it was left intact in one and 
replaced with a dual chamber pacemaker in the other. 
Postoperative course (Table 5). Postoperatively, all 
seven patients who had A V conduction abnormalities con-
tinued to have A V block or dissociation, Six of the seven 
were managed with a permanent pacemaker (ventricular 
demand [VVI] in four and dual chamber [DDD] in two), 
The remaining patient did not receive a permanent me-
chanical pacemaker, 
Table 5. Operation and Cardiac Rhythm 
Rhythm 
Case Preoperative Postoperative 
CAVB CA VB; paced (VVI) 
2* CAVB CAVB; paced (VVI) 
3 CAVB CAVB; paced (VVI) 
4 CAVB CA VB; paced (DOD) 
5 CA VB; paced (VVI) CAVB; paced (VVI) 
6 A V dissociation A V dissociation 
7 Atrial fibrillation Normal sinus rhythm 
8* Atrial flutter Normal sinus rhythm 
9 Atrial flutter Normal sinus rhythm 
and fibrillation 
10 Atrial fibrillation Normal sinus rhythm 
II Atrial fibrillation CA VB; paced (DOD) 
and CAVB; paced (VVI) 
12* Atrial flutter CA VB; paced (VVI) 
and fibrillation 
*Died in hospital. DOD = dual-chamber sensing and pacing; VVI = 
ventricular demand pacing system; other abbreviations as in Table 4. 
Four of six patients who had atrial arrhythmia were in 
normal sinus rhythm after the operation. The remaining two 
had complete A V block. In one, block developed intra-
operatively; in the other (Patient 9 with complex transpo-
sition) complete A V block was present before the onset of 
atrial fibrillation. 
In the postoperative period, all 12 patients were treated 
with diuretic drugs, inotropic agents, afterload-reduciog agents 
and transfusion of whole blood or colloid solution. 
Three of the 12 patients died (mortality rate 25%). All 
had a univentricular heart and a median of four unfulfilled 
criteria of Choussat et al. (10). One had preoperative com-
plete A V block, was in functional class IV preoperatively 
and had a mean pulmonary arterial pressure of 30 mm Hg 
and a ventricular end-diastolic pressure of 24 mm Hg. On 
the fourth postoperative day, this patient died with low 
cardiac output. The second patient had atrial flutter before 
the Fontan operation and died on the fifth postoperative day 
with uncontrolled ventricular arrhythmia. The third patient 
had atrial flutter and fibrillation and a massively dilated right 
atrium. Death occurred on the 17th postoperative day from 
an unrecognized right atrial thrombus that obstructed pul-
monary blood flow. 
Nonfatal complications included signs of low cardiac 
output, with transient renal failure in two patients, including 
one who needed peritoneal dialysis. Two patients acquired 
ventricular tachycardia, one had temporary liver failure and 
another had transient supraventricular tachycardia. 
Follow-up (Table 6). The nine survivors were evaluated 
from 6 to 55 (mean 28) months after the operation. There 
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Table 6. Follow-Up of Nine Survivors 
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Interval Since NYHA Functional 
Case Operation (mo) Class Rhythm Medication 
1 46 Paced 
3 55 I Paced Digoxin 
4 12 " Paced Digoxin 5 6 A V dissociation Digoxin 
6 39 Sinus 
7 25 Sinus Digoxin 
9 55 Sinus Digoxin, 
disopyramide 
10 9 " Sinus Digoxin 11 9 " Paced Digoxin 
AV = atrioventricular; NYHA = New York Heart Association. 
were no late deaths, Although seven of the nine survivors 
were still taking cardiac medication (digoxin in six and 
digoxin and disopyramide in one) at the time of this report, 
the condition of all nine had improved greatly. Six of the 
nine survivors were in functional class I, including one 
patient (Case 9) who was otherwise asymptomatic except 
for rare episodes of atrial flutter controlled by medication. 
Three other patients were in class II. Patient II, who had 
complex transposition, had symptoms of right heart failure 
for the first 2 months but gradually improved to functional 
class II. 
Discussion 
Selection criteria for Fontan operation. Proper selec-
tion of patients is crucial for the successful application of 
the Fontan operation. Patients who meet the criteria of 
Choussat et aL (10) (Table 1) have a very low operative 
risk. However, some patients with significant disability do 
not meet all these criteria. For many of these patients, there 
are no other options for surgical palliation, In such cases, 
we have extended our indications for the Fontan operation 
beyond those originally proposed (2,8,9,12). 
Preoperative A V asynchrony. Sinus rhythm with nor-
mal A V conduction has been considered a prerequisite for 
adequate pulmonary perfusion through an atriopulmonary 
anastomosis (13-18). Numerous investigators (19-21), 
however, have demonstrated that right atrial contraction is 
not a major determinant of anterograde pulmonary blood 
flow after the Fontan procedure. Indeed, the presence of 
sinus rhythm and A V synchrony may be more important to 
optimize left atrial and ventricular function than to facilitate 
right atrial function. Presumably, sinus rhythm and AV 
synchrony contribute to reduced ventricular end-diastolic 
pressure, left atrial pressure and pulmonary venous pressure 
and, thus, improve pulmonary blood flow (13). However, 
using dogs with a conduit from right atrium to pulmonary 
artery, Shemin et aL (19) demonstrated no difference in 
pulmonary blood flow between ventricular pacing and atrial 
pacing with AV synchrony. 
Even without A V synchrony preoperatively, some pa-
tients have a satisfactory result from the Fontan operation. 
The three patients in our study with a ventricular demand 
pacing system and the one patient with A V dissociation who 
did not require a permanent pacemaker had clinically sat-
isfactory results 6 to 55 months after operation. Stanford et 
aL (22) reported on a patient with no evidence of atrial 
contraction who was well 6 months after the operation. 
Another patient with junctional rhythm was well 10 months 
after the operation despite episodes of junctional tachycardia 
(23). Junctional rhythm also was described in five other 
patients (5,24-26) who had no obvious hemodynamic im-
pairment. Furthermore, acute deleterious hemodynamic 
consequences may not occur in patients in whom A V block 
develops after the Fontan operation (2-4,22,26). 
Indications for cardiac pacing. The very satisfactory re-
sults obtained by our study in patients with preoperative 
complete A V block suggest that normal A V conduction is 
not a prerequisite for a successful operation. However, in 
the immediate postoperative period, the option of synchron-
ous A V pacing should be available. In our experience, A V 
synchrony with an appropriate cardiac rate is necessary in 
many patients to achieve optimal cardiovascular function in 
the early postoperative period. Moreover, because of the 
advantages of A V sequential pacing over fixed rate ven-
tricular pacing, particularly at times of increased tissue ox-
ygen demands (for example, in the postoperative state and 
during exercise) (27-29), we have adopted the policy in our 
most recent patients of establishing permanent sequential 
A V pacing. With the availability of advanced pacing tech-
niques (for example, dual-chamber sensing and pacing), 
preoperative A V block need not be an absolute contrain-
dication to the Fontan operation. 
Preoperative atrial tachyarrhythmia. There has been 
reluctance to perform the Fontan operation in patients with 
preoperative atrial flutter or fibrillation, because of obser-
vations we and others (16,26) have made of some hemo-
dynamic deterioration in patients in whom postoperative 
atrial tachyarrhythmia develops. However, this deterioration 
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was not shown in a controlled animal experiment (19). Al-
though the cardiac output may decrease in some patients, 
late clinical results are generally satisfactory. Furthermore, 
as has been shown in our study, preoperative atrial flutter 
or fibrillation may actually cease or be easier to control after 
the Fontan operation. All six of our patients with atrial 
arrhythmias were unsuccessfully treated preoperatively with 
antiarrhythmic agents. After the Fontan operation, the atrial 
arrhythmias disappeared. Sinus rhythm returned in four of 
the six patients, although one of the four occasionally had 
brief episodes of atrial flutter. Two of the six patients had 
postoperative complete A V block but no longer had atrial 
flutter or fibrillation. All had A V valve insufficiency pre-
operatively, which presumably contributed to atrial dilation 
and the development of atrial flutter or fibrillation. 
Outcome. The perioperative complications in our pa-
tients are similar to those observed in other patients after 
the Fontan procedure (2-5,13,14,26). One unique aspect in 
patients with A V valve insufficiency, a large atrium and 
consequent atrial arrhythmia may be the possible predis-
position to atrial thrombus formation. This was thc cause 
of death in one of our patients. 
Since risk factors in addition to absence of sinus rhythm 
were present in this series, the mortality rate is comparable 
with our overall mortality rate for the Fontan operation 
where our indications have been extended beyond the rec-
ommendations of Choussat et al. (7, 12). Our experience 
with 297 patients showed that, with tricuspid atresia, the 
mortality rate was less than 3% if all of the 10 criteria of 
Choussat et al. (10) were satisfied. If one or more criteria 
were not fulfilled, the operative risk was 10%. For patients 
with a univentricular heart satisfying all 10 criteria the mor-
tality rate was 5%, but if three or more criteria were not 
fulfilled, the operative risk exceeded 50%. The operative 
results also compare well with those in other studies in which 
stricter patient selection criteria were used (3,4,30). 
Implications. When one considers that the operative risk 
is not increased and the long-term results in patients who 
did not have sinus rhythm before the Fontan operation are 
excellent, this study has shown that 1) complete A V block 
is not a contraindication to the Fontan operation, 2) some 
patients may not require A V synchrony postoperatively for 
survival, and 3) preoperative atrial flutter or fibrillation may 
cease or be easier to control after the Fontan operation. 
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